In this study, spawning period, total fecundity, fertilization and hatching rates of wild and hatchery-reared turbot, Psetta maxima, were investigated. Fish were spawned over a 3-month period, from April to June. Wild broodstock consisted of sixteen females with a mean weight of 3742±1509 g. Hatchery-reared broodstock consisted of seventeen females with a mean weight of 3604±1398 g. Mean total fecundity was 2.4±1.71x10 6 and 2.3±1.75x10 6 eggs per female for wild and hatchery-reared broodstock, respectively. Fertilization and hatching rates were 59.2±17.07% and 67.3±30.67% for wild and 67.1±18.87% and 61.3±30.85% for hatchery-reared broodstock. The reproductive parameters of wild and hatchery reared turbot showed no significant difference, which warrants further investigation of both in provision of a sustainable fishery.
Introduction
Turbot, Psetta maxima, is one of the most valuable commercial flatfish species in Turkey. Geographic range of the turbot is wide, it occurs in European coastal waters of the Atlantic and also in the Baltic Sea, further it is even found in the Mediterranean and Black Sea (Nielsen, 1986) .
In Turkey, landings of turbot decreased from 2955 mt in 1995 to 221 mt in 2016. (Anonymous, 2018) . The ichthyologists of the other Black Sea countries noted similar local trends (Zaitsev & Mamaev, 1997) . This decline is primarily due to overfishing, anthropogenic eutrophication and coastal destruction. Significant increases in production from wild stocks are unlikely. The increasing demand for these seafood products can only be satisfied through aquaculture and stock enhancement programs. The species has recently received interest as candidates for stock enhancement and aquaculture in Turkey. The high esteem, the demand and the high value that this species enjoy in the Turkey market led the Central Fisheries Research Institute to investigate its culture potentials, with the final objective its commercial culture on an intensive scale by the private sector, thus contributing to the aquaculture diversification in Turkey with a new and valuable fish species.
In the Black Sea, coastline of Turkey, some aspects of turbot biology are well investigated. Through studies of turbot larval rearing and growth in this region were conducted by Şahin, 2001a , 2001b Şahin & Üstündağ, 2003; Türker, Yiğit & Ergün, 2005; Türker, 2006; and Aydın & Okumuş, 2017 . Broodstock management Başaran & Samsun, 2004) , age and growth rates (Suzuki, Kondo, Güneş, Özongun & Ohno, 2001) , development of feeding function (Kohno, Moteki, Yoseda, Sahin & Üstündag, 2001; Moteki, Yoseda, Sahin, Ustundag & Kohno, 2001) of turbot were determined. Genetic diversity and population genetics (Han, Lee, Jung, Aydin & Lee, 2018) , ecological and population parameters (Samsun, Kalaycı & Samsun, 2007) , and commercial fishing aspects (Samsun, 1995; Samsun, Kalaycı & Samsun, 2004) of turbot were studied.
The turbot has recently been recognized as a candidate for stock enhancement and aquaculture in Turkey. Turbot is a major component of the demersal community in coastal areas of the Black Sea, however reproductive information is limited. Knowledge on fecundity and survival are important issues for planning a good production of turbot larvae and juveniles. In this study, it is aimed to elucidate the reproductive characteristics of the turbot in the South-eastern Black Sea coast, Turkey.
Materials and Methods
Data were collected from the Central Fisheries Research Institute Hatchery in Trabzon, Turkey, during the breeding season over the last 5 years. Hatcheryreared broodstock consisted of seventeen mature females (41.8-68.1 cm in total length; mean wt 3604±1398 g). Wild broodstock consisted of sixteen females (47.4-72.3 cm in total length; mean wt 3742±1509 g), and was collected with a trawl net by the research vessel of the Central Fisheries Research Institute (SUMAE) during a survey conducted once a week at a depth of 5-70 m off Trabzon, Turkey, during April and May. Upon arrival at the SUMAE, fish were examined and put into a quarantine tank for observation and disease treatment.
Brood fish were individually tagged and stocked at 3-4 fish per m 2 in a maturation tank (1 x 2 x 0.5 m). Light intensity was kept around 100 lux using fluorescent bulbs at night and ambient conditions during daytime. The daily water exchange averaged 900% a day. Aeration was provided by two air stones with a total output of 4 l/min. During spawning, the water temperature was maintained at 14.0-15.0ºC. The broodstock were fed whiting cut into 2-3 pieces. Feed was provided gradually until satiation.
Gonad maturation in males was examined microscopically. One drop of seawater was placed on a glass slide to which a small amount of milt was added. Sperm activity was examined under a microscope at 100 X magnification. Viable sperm were characterized by whirl-like movement after seawater and milt were stirred. Gonad maturation in females was evaluated by sampling a small amount of eggs with a cannula. These were transferred to a glass slide and measured under 40 X magnification. Females with at least 100 oocytes larger than 0.4 mm in mean diameter were considered ready to spawn (Ciftci et al., 2002) .
Males with viable milt and females ready for spawning received hormonal injections. Males were injected with a mixture of human chorionic gonadotropin (HCG) and white salmon pituitary gland (WSPG; 100 IU/kg fish). Females were injected with a pelletized luteinizing hormone-releasing hormone analogue (LHRH-a; 100 μg/kg fish; Berlinsky et al., 1996 , Polat, Özen &Yavuz Keskin, 2018 .
Eggs were transferred into clean plastic container in and emerged in seawater. Eggs from individual fish were fertilized in seawater by gently mixing with newly stripped milt from two males. Eggs were kept about 10 minutes in the mixing container to ensure fertilization. Ten minutes after fertilization eggs were rinsed with filtered sea water. The seawater used for fertilization and rinsing the eggs was at same temperature (14.3±0.13 C) as the seawater in which the broodstock were maintained. Afterward, the eggs were disinfected for 5 min in 50 ppm PVP iodine and rinsed thoroughly in filtered seawater. Unfertilized eggs did not suspend due to low salinity. Fertilization success was calculated by counting the proportion of eggs, which had started cell cleavage. The eggs obtained from each brood fish were incubated separately and as described by Sahin (2001b). The total number of eggs and fertilization rate in an incubator were estimated by the method proposed by Ciftci et al. (2002) .
Data were recorded for weight and length of spawners, spawning time, total fecundity (number of eggs/female), relative fecundity (eggs/kg female), fertilization rate (at the 4-cell stage, 4 h after fertilization), hatching rate (ratio of hatched larvae to total number of eggs). Data were analyzed with Statistica 7.0 using variance analysis (ANOVA). The differences were tested with Tukey.
Results
Both the wild and hatchery-reared fish matured in the similar period, and spawning lasted 46 days for wild broodstock (April 8 to May 23) and 53 days for hatcheryreared broodstock (April 18 to June 9). The water temperature ranged 9-14°C. Biometrical and reproductive parameters of broods used in this study were summarized in Table 1 . Figure 1 shows the number of eggs produced per body weight of female turbots. The egg batches stripped at 24 h intervals. In the wild broodstock, during 181 hand-stripping trials, a total of 39.7 million eggs from sixteen females were obtained. Female 4 was stripped eight times and produced 1.023.660 eggs; female 9 was stripped nineteen times and produced 3.070.080 eggs. The highest fecundity was obtained from female 10 (weight of 5841.4 g) which was stripped seventeen times. In the hatchery-reared broodstock, during 156 hand-stripping trials, a total of 39.5 million eggs from seventeen females were obtained. Female 7 was stripped eight times and produced 666.450 eggs; female 1 was stripped fifteen times and produced 3.935.160 eggs. The highest fecundity was obtained from female 12 (weight of 6520 g) which was stripped five times.
Total fecundity exhibited a high linear relationship with body weight (Figure 2 ) and total length (Figure 3) . Relative fecundity indicated a good positive linear correlation with body weight (Figure 4 ) and total length ( Figure 5 ). Total fecundity and relative fecundity did not significantly differ between stocks (Table 1) .
Fertilization rate varied between 23.5% and 91.5% (mean 59.2±17.07%) and between 5.3% and 89.9% (mean 67.1±18.87%), and hatching rate ranged from 0.0% to 100.0% with a mean value of 67.3±30.67% and from 0.0% to 100.0% with a mean value of 61.3±30.85% for wild and hatchery-reared broodstocks, respectively. Although the fertilization rate significantly differed between wild and hatchery-reared broodstcoks (P < 0.05), differences in the hatching rates were not significant (Table 1) . Positive allometries were found between fertilization and hatching rates for both broodstocks (Figure 6 ).
Discussion
The primary criterion of the population's reproductive capacity is the total number of eggs produced by the population during the spawning season of a given year. The mean total and relative fecundity obtained in this study were 2400000 eggs and 635000 eggs/kg for a fish with a mean total length of 55.7 cm and a mean weight of 3742 g in wild broods, and 2300000 eggs and 565000 eggs/kg for a fish with a mean total length of 54.3 cm and a mean weight of 3604 g in hatchery-reared broods, respectively. The study showed that the older fish was more fecund and egg production increased with increasing fish size. The fecundity in turbot is a function of size; either length or weight. The total number of eggs from a fish obtained in this study appears to be higher than those of the other flatfish species and previous studies of turbot (Table 2) . This could be due to the variability of food in natural and captive conditions. The variation in fish fecundity is not only related to fish size (lenth and weight) but also to nutritional diet, running water and influence of vitamins (Marimuthu & Haniffa, 2006) . Fecundity or reproductive effort may vary in each breeding season due to differences in food supply (Treasurer, 1981) , environmental conditions (Sztramko & Teleki, 1977) , and fish size (Tsai & Gibson, 1971; Bagenal, 1978) . As there is a general positive exponential relationship between fish size and number of eggs (Jenning, Kaiser, & Reynolds, 2001) , egg production in most flatfish species is positively associated with age (Bagenal, 1966) . The fecundity of P. maxima showed large variation with size but the total and relative fecundities obtained in this study had a linear relationship with body weight and total length. A similar relationship was described by Şahin, Gunes, Aydin & Polat (2008) for flounder and by for the same species.
The turbot is a batch-spawning flatfish. Studies of estimates of the ovulatory periodicity of the turbot indicate that a one-day interval may characterize regular ovulation patterns . Although wild females produced a mean number of 8-13 batches and batch fecundity usually remained within a range of 32580-935730 eggs, hatchery-reared females produced a mean number of 5-15 batches and batch fecundity varied between 42030-1296000 eggs during spawning season, in this study. reported a mean number of 7-16 batches and fecundity of 30000-750000 eggs for the same species.
The correlation between fertilization rate and hatching rate in the hatchery-reared broodstock was high (R 2 = 0.6128), in the wild broodstocks was low (R 2 = 0.1864). Although the differences in the hatching rates between wild and hatchery-reared broodstocks were not significant, the fertilization rate significantly differed (P < 0.05). As observed during this strip spawning study, there was variability in fertilization success and this may be related to egg quality (Smith & Denson, 1998) . According to Bromage & Roberts, (1996) over ripening is a significant determinant of egg quality in many fish species. The fertilization rate depends primarily on the time after ovulation (Koya, Matsubara, & Nakagawa, 1994) . Maslova (2002) found that fertilization rates of Black Sea turbot eggs decreased from 90-95% to 0% following a 24 h delay between the ovulation and stripping time. In this study, minimum time between the two stripped was 24 h. Therefore, over ripening and low fertilization rates would be expected.
In conclusion, the present study demonstrated that adult Black Sea turbot, P. maxima, could be obtained from wild and broodstock management and artificial spawning in captivity could be achieved successfully. This study has provided some basic information on the size at sexual maturity and fecundity for turbot that will be helpful to evaluate reproductive potential of individual fish species in similar studies as well. Producing eggs at commercial scales seem to be possible, but larvae production and on-growing need long-term studies. 
